Taraxacum officinalis (Dandelion) have been used as folk medicines in China, India, and Russia for the treatment of chronic liver diseases. This review focuses exclusively on published literature pertaining to the potential use of Taraxacum officinalis or Dandelion for the treatment of various chronic liver diseases. Dandelion has been tested against various drugs and chemical induced chronic liver diseases in experimental animals and came out with promising results. In vitro studies also confirm the hepatoprotective, antioxidant and anti-inflammatory properties of dandelion. The extensive literature survey reveal the fact that Taraxacum officinalis or dandelion to be safe and the available evidence on the mechanisms of action appears promising, there are currently insufficient d ata from well-conducted clinical trials to recommend it use in patients with alcoholic liver chronic liver disease.
INTRODUCTION
The liver is one of the vital organs of human body, being involved in myriad vital functions and regulation of physiological processes. Due to its unique anatomic location and function, liver is vulnerable to many forms of injury. Fortunately, it also has remarkable capacity to repair itself following many types of injuries that it encounters in compensation for the important, yet hazardous functions it undertakes. However, liver disorders following chronic liver injury lead to various pathological changes such as fatty liver, increase in ROS or oxidative stress, necrosis of liver cells, hepatitis, steatosis, cholestasis, vascular lesions, and granuloma and veno-occlusive diseases, increase in the level of inflammatory markers, fibrosis, cirrhosis, hepatocellular carcinoma which further produce portal hypertension and organ failure (Singh et al., 2011) .
The conventional treatments of chronic liver injuries such as fibrosis, cirrhosis, steatosis and chronic hepatitis are frequently inadequate due to side effects caused by various drugs and chemicals. To overcome this problem, current research focused on drugs derived from medicinal plants, due to their richness in flavonoid and ployphenolic compounds have been extensively studied against various drug and chemical induced . Email: ezhild@gmail.com hepatotoxicity in vivo and in vitro and it is need of the hour (Pereira et al., 2015) . There are several plant derived agents have shown promising hepatoprotective properties i.e., dandelion, silymarin, silibinin, curcumin, berberin, resveratrol (Ezhilarasan et al., 2014; Ezhilarasan et al., 2012) . Among these dandelion is one of the promising agent obtained from the medicinal plant Taraxacum officinalis. Hence, the present review aimed to gain insight into the recent update on the hepatoprotective properties of Taraxacum officinalis.
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Description
The genus Taraxacum Wiggers, family Asteraceae, subfamily Cichorioideae, tribe Lactuceae, commonly known as dandelion, includes approximately 30-57 varieties with many microspecies, divided into nine sections (Vašut et al., 2015) . Dandelion (Taraxacum officinalis), a traditional herbal medicine is used for treatment of jaundice and disorders of the liver, gallbladder and other various hepatic ailments (You et al., 2010; Ahmed et al., 2013,) . The folk medicines of China, India, and Russia have recognized dandelion's effect as a liver tonic. Traditional Chinese medicine combines dandelion with other herbs to treat hepatitis (Modaresi, 2012) . Conventionally, root and herb from Taraxacum officinale (TO) have been reported to use for the treatment of various ailments, including liver and gallbladder disorders (Gulfraz et al., 2014) .
Phytochemical constituents
The phytochemical investigation showed that TO has an abundance of terpenoid and sterol (principally taraxacin and taraxacerin), equally distributed in the roots, leaves, and flowers. Other terpene/sterol compounds include beta-amyrin, taraxasterol, and taraxerol, as well as free sterols (sitosterin, stigmasterin, and phytosterin) structurally related to bile (Koo et al., 2004; Schütz et al., 2006) . Presence of these biologically active principles in the TO extract have been attributed for its beneficial effects. The terms Taraxacum officinale and dandelion are generally interchangeably used in the literature.
SPECTRUM OF HEPATOPROTECTIVE EFFECTS
Antioxidant effect
Oxidative stress is a common feature observed in a wide spectrum of chronic liver diseases including viral hepatitis, alcoholic, and nonalcoholic steatohepatitis (Jiang and Török, 2015) . Oxidative stress leads to deleterious processes in the liver and produces liver diseases. Therefore, restoring antioxidants is essential to maintain homeostasis. One method of restoring antioxidants is suggested to consume natural compounds with antioxidant capacity (Casas-Grajales and Muriel, 2015) . Dandelion, a natural antioxidant compound has been empirically used due to its health-promoting properties as an anticarcinogenic, anti-inflammatory and anti-oxidant (You et al., 2010) . Ethanolic TO leaves and root extract significantly attenuated marker enzymes of liver toxicity (AST and ALT), lipid peroxidation and oxidative stress induced by acetaminophen in mice. The TO extract shown to possess the free radical quenching activities. This protective effects of TO have been suggested to the presence of phenolic compounds in the extract (Colle et al., 2012) . In a recent study, ethanolic and n-hexane TO leaves extract significantly decreased the liver marker enzymes, superoxide dismutase (SOD), catalase, lipid peroxidation and glutathione peroxidase (GPx) in rats intoxicated with CCl 4. The efficacy of TO ethanolic leaves extract found to be more effective as it compared with n-hexane extract and silymarin against CCl 4 induced hepatotoxicity and oxidative stress in rats (Gulfraz et al., 2014) .
In CCl 4 induced oxidative stress model TO extract reversed the glutathione (GSH) depletion, up-regulation of Nuclear factor-kB (NF-kB) and increased expression of regulatory inflammatory mediators, such as inducible nitric oxide synthase (iNOS), cyclooxygenase (COX)-2, Tumor necrosis factor-α (TNF-α) and interleukin (IL)-1α (Park et al., 2010) . These results suggest that TO have a hepatoprotective effect by modulating inflammatory responses and ameliorating oxidative stress. Alcohol is a leading cause of liver disease and is associated with significant morbidity and mortality. Alcohol induced liver diseases represents a spectrum of liver pathology ranging from fatty change to fibrosis to cirrhosis (Dugum and McCullough, 2015) . In vitro the protective effects of TO root against alcoholic liver damage were investigated in HepG2/2E1 cells. In this study, ROS was generated by the administration of ethanol in vitro this was consequent to decrease in cell viability by less than 40%. However, cells were simultaneously treated with ethanol and TO hot water root extract did not induce cytotoxicity as compare to ethanol alone treated HepG2/2E1 cells (You et al., 2010) . Hu and Kitts (2004) reported that dandelion flower extracts has also the capability to scavenge ROS and prevent DNA from ROS-induced damage in vitro. Suppression of oxidative stress by dandelion has been attributed to presence of luteolin and luteolin-7-Oglucoside. Generally, Taraxacum species are found effective against oxidative stress. Recently, it has been reported that T. marginellum was the most efficient extract reducing intracellular ROS levels although in vitro assays, T. obovatum was observed as the best free radical scavenger (Mingarro et al., 2015) . Undoubtedly the above studies suggest the promising efficacy of TO against various drugs induced oxidative stress. 
Antifibrotic effects
Hepatic fibrosis is common sequel following chronic liver injury and reversal of fibrosis prior it attains the cirrhotic stage would be a clear therapeutic strategy . TO extract has been evaluated against the drug and chemical induced hepatic fibrosis in experimental animals and came out with promising results. For instance, it has been reported that dandelion root water-ethanolic extract (DWE) ameliorated the CCl 4 induced hepatic fibrosis in mice. Administration of 600 mg/kg of DWE for 10 days in mice shows significant replenishment of liver aspartate and alanine transaminases (AST and ALT) marker enzymes of hepatotoxicity, superoxide dismutase, hydroxyproline and α-smooth muscle actin (α-SMA) protein expression in CCl 4 induced hepatic fibrotic mice (Domitrovi´c et al., 2010) . Further, this study suggests that administration TO promote the complete regression of fibrosis and the enchantment of hepatic regenerative capabilities.
Antisteatotic effect
Steatosis or alcoholic fatty liver disease has a widespread incidence and is the first step in the progression to more severe stages of alcoholic liver disease, with concomitant increases in morbidity and mortality rates (Lívero and Acco, 2015) . CCl 4 induced lipid changes in liver is one of the classical model for the evaluation of lipid lowering activity of drug and herbal extract. Ethanol and n-hexane leaves extract of TO significantly lower the lipid profile in CCl 4 administered rats. Interestingly, TO significantly reduces the increase in triglyceride (TG), cholesterol (CHO), high and low density lipoproteins (HDL and LDL) (Gulfraz et al., 2014) . It is reported that dandelion leaves extract has the ability to reduce the murine model of methionine-and choline-deficient diet-induced nonalcoholic steatohepatitis (NASH). In light of these studies it has been suggested that TO could also be a promising agent and has to be tested against hepatic steatosis condition (Davaatseren et al., 2013) . In a recent study TO leaves extract found effective against CCl 4 induced hepatic steatosis in rats. It was shown that steatosis grade was significantly reduced upon administration of TO leave extract (AlMalki et al., 2013) 
Anticancer activity
Hepatocellular carcinoma (HCC) is one of the most common malignancies, which accounts for 90% of primary liver cancer. HCC usually presents with poor outcomes due to the high rates of tumor recurrence and widespread metastasis (Mao and Wang, 2015) . Recent results pointed out that natural products, in particular those present in Taraxacum root extract, have great potential as non-toxic and effective alternatives to conventional modes of chemotherapy available today (Ovadje et al., 2012) . Dandelion has been said to induce cytotoxicity in Hep G2 cells and decreases its viability below 40% (You et al., 2010) . TO extract significantly induced the secretion of TNF-α and IL-1 α and apoptosis of Hep G2 cells (Koo et al., 2004) . These strategies are clearly implicated in anticancer efficacy of dandelion. In a very recent study it was found that relevant cytotoxic effect in T. lacistrum extract over HeLa and HepG2 cell lines (Mingarro et al., 2015) . However, studies regarding the usefulness of TO against liver carcinoma experimental models are scanty or not available in literature. Hence, further studies are warranted in animal models to prove the promising anti-cancer efficacies of TO observed in vitro cancer cell line models i.e., Hep G2 and HeLa.
CONCLUSION
Overwhelming evidence clearly suggest that dandelion is widely used in traditional and natural medicine systems worldwide. Thus far it has received little research attention towards its beneficial effects against various hepatic ailments. In light of the studies reviewed here it has been evident that TO has the ability to intervene various pathophysiological functions related to liver. The extensive literature survey reveal the fact that Taraxacum officinalis or dandelion appear to be safe and the available evidence on the mechanisms of action appears promising, there are currently insufficient data from wellconducted clinical trials to recommend their use in patients with chronic liver diseases.
